Climatic parameters associated with sites producing Tuber melanosporum fruiting bodies within countries that have a natural population of Tuber melanosporum and those without such records were compared. Represented continents include Africa, Asia, Australia, Europe, North America and South America with only Antarctica remaining outside the scope of this study. The compiled data presents a broader than expected range of climatic parameters that are suitable for truffle cultivation. Development of fruiting orchards in countries that do not have a history of natural populations has expanded our understanding of the suitable climatic ranges of this species. Truffle cultivation is successful in areas that have a lower temperature and higher rainfall levels than expected. The data compiled here is of use to truffle scientists as well as cultivators in choosing suitable locations for a plantation.
Introduction
Tuber spp. (truffles) are a group of hypogeous fungi that include some of the most revered of all cultivatable foods. The species Tuber melanosporum is highly regarded for its culinary properties and is the most widely cultivated of all the Tuber species. These ascomycetes are an obligate mycorrhizal species, growing in association with a range of woody plant species. To cultivate Tuber melanosporum, tree species are inoculated with the fungi and once the mycohrriza is established, these young tree saplings are planted into carefully controlled field sites. Although the exact soil nutrient requirements are not yet agreed, more basic soil conditions needed for truffle cultivation, such as structure and pH are widely accepted (Chevalier & Frochot 1997 , Thomas 2012 .
The described approach to truffle cultivation is widely employed throughout areas of Europe in which Tuber melanosporumoccurs naturally and is now also successful in other regions of the world (Hall et al. 2007 ). Cultivation of this species outside of Europe has principally focused on regions perceived to have a similar climatic profile to that of its natural range within France (after Delmas 1978) , although this species grows naturally across a number of other European countries. The often-cited ideal climatic variables are based on a relatively small, and geographically limited, dataset.
Using data from naturally producing Tuber melanosporum areas within Europe, in order to ascertain the climatic suitability of new regions for cultivation, may be an unnecessarily limiting 138 approach. The natural distribution of Tuber melanosporumin Europe was reduced to a number of refuges during glacial events (Bertault et al. 1998 ) and since the last glaciation, the expansion of this species range has been restricted by a number of variables including the expansion of their host tree geographic range (Murat et al. 2004) . Thus, utilizing the climatic parameters of naturally producing Tuber melanosporum areas as a means of identifying suitable areas for cultivation may be an unnecessarily restrictive approach.
Truffle cultivation has now spread to, and is successful in, a number of countries worldwide in which the truffle species has never, to our knowledge, occurred naturally. Collecting data from these sites, as well as a wide range of European data, may present a broader understanding of the acceptable climatic parameters for cultivation.
Here, data is collated from a range of wild and cultivated Tuber melanosporum, producing sites, spanning six continents, in order to present a clear picture of the required climatic parameters of this species. The resulting data will allow a more informed analysis of the potential of a region to produce fruiting bodies.
Materials & Methods
For the analysis of the climatic parameters needed for Tuber melanosporumsporocarp production, data was collated from a wide range of sites. Published records of sporocarp collection were identified and the documented locations of these sites were used to identify climatic parameters for each individual site. The climatic data was sourced from a wide range of largely government-funded metrological logging stations. Data was collected from Africa, America, Asia, Australasia, Europe and South America. The sites incorporate those from countries that have a historical record of natural Tuber melanosporum fruiting and those in which Tuber melanosporum does not occur naturally. Locations and represented counties include Spain (Parladé et al. 2013 ,Suz et al. 2006 
Results and Discussion
The black truffle, Tuber melanosporum, is often viewed as occupying a very distinct and rigid environmental niche. However, the compiled data from sites where Tuber melanosporum is fruiting displays a remarkable degree of climatic variation. For example, data compiled from six continents displays fruiting across a range of climatic variables with a 868mm variation in winter rainfall and a 6.6°C variation in annual average temperature (Table 1 ). This range is surprising when the classical view of a distinct and narrow ecological niche is considered (after Delmas 1978) . Further, for a species that is often regarded as slow growing and poorly competitive, with a low level of genetic diversity (Bertault et al. 1998) , the presented geographic spread is remarkable. Based on an appreciation of the organoleptic properties, cultivation has been so successful that the only continent in this study not represented is Antarctica.
The development of plantations in countries that do not have a history of natural Tuber melanosporumpopulations has been successful in areas with some climatic conditions similar to those in areas that have a history of natural fruiting (Fig. 1) . Comparisons between sites from countries that have historical populations of Tuber melanosporum and those that do not, revealed no significant difference in the annual average temperature (T = 0.0097, df = 33, p>0.05), winter temperature (T =1.9439, df = 32, p>0.05), mean summer rainfall (T =0.9160, df 24= , p>0.05) or annual sunshine hours (T = 1.3952, df = 34 , p>0.05) (Fig. 1) . This degree of similarity is expected. However, sites producing Tuber melanosporum in countries in which it did not previously naturally exist had significantly higher annual rainfall (T =4.5165, df 33= , p<0.05) (1032.65mm vs 585.25mm) and mean winter rainfall (T =3.9114, df 24= , p<0.05) (393.61mm vs 122.46) (Fig.  2. ).An example of this expansion in parameters is the high winter rainfall region of Corvallis, USA (Shore 2013). Further, summer temperatures showed a clustered distribution (Fig. 3) with temperatures being lower (18.98°C vs 21.73°C) in sites that do not have a history of natural Tuber melanosporum populations (T =3.4877, df = 33, p<0.05). These differences are displayed in figure  4 . and have significantly expanded the range of conditions that we now know to be suitable for fruiting (Table 1. ). This data is now a useful reference for scientists and truffle cultivators worldwide. Although the data presented in this study displays a wide range of climatic parameters suitable for cultivation, care must be taken in the interpretation. An ability to produce fruiting bodies is not an indication of ideal climatic parameters and modification within these boundaries, for example with irrigation, may be needed for optimal production (Chevalier & Poitou 1990) . Further, the interplay of variables must be considered. Although we know now that Tuber melanosporum can grow and fruit in higher rainfall areas and cooler summer temperatures than expected, it is possible that the combination of these two extremes may produce a scenario which is not conducive to fruit body formation. For successful cultivation, it must also be understood that even in ideal climatic parameters, there are many other areas of cultivation that must be considered, including the recent understanding of the heterothallic nature of Tuber melanosporum (Rubini et al. 2011 , Thomas 2013 . 
